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Available online 23 September 2014AbstractBackground: Since it has been shown that spending 18 h under dim light conditions can result in reduced handgrip endurance, it was questioned
whether or not a shorter exposure to dim light (i.e., 1 h) would have similar influence upon muscular endurance. Therefore this study compared
the number of weighted knee extension lifts that could be done after spending 1 h in either dim or bright light.
Methods: Participants (5 women, 11 men, college students 19e26 years) performed knee extension lifts to exhaustion with a load approximating
40% of their body weight. The lifts to exhaustion were measured immediately following 1 h of exposure to each of the following three con-
ditions: dark (DL), room light (RL), and room light plus 5 mg melatonin (RLM). A minimum of 48 h separated each condition, and all par-
ticipants started the exposures in a rested fed condition.
Results: Average (SD) number of knee extension lifts for RL (62.0  22.0) was significantly ( p < 0.05) greater than DL (51.4  14.7) and
RLM (57.8  22.9). The number of RLM knee extension lifts was not significantly different from DL. Exposure to 1 h of dim light immediately
prior to activity can result in a reduction in thigh muscle endurance. The decline in performance to short-term dim light exposure was similar to
that found following longer-term exposure.
Conclusion: It appears that light intensity can influence muscle endurance, however, at this time this effect cannot be directly related to
endogenous melatonin production.
Copyright  2014, Shanghai University of Sport. Production and hosting by Elsevier B.V. All rights reserved.
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It is not uncommon for shift workers to maladapt to
working at night and sleeping during the day. This maladap-
tation can result in a multitude of negative symptoms
including poor work performance and reduced alertness during
night work and poor daytime sleep at home.1 These negative
consequences have been shown to be reversed through treat-
ments utilizing bright light exposure and exogenous melatonin
supplementation.1 Not surprisingly, since bright light exposure
and exogenous melatonin supplementation have improved
shift work performance, there have been investigations into the* Corresponding author.
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performance. Unfortunately, the results of the aforementioned
exercise performance investigations have been inconclusive.
With respect to muscular strength and endurance, it has
been shown that the number of low intensity elbow flexions
performed to exhaustion is 20%e40% greater when subjects
worked with eyes open compared with eyes closed.2 Further,
when complete exhaustion was reached with closed eyes,
opening of the eyes resulted in an immediate return of a work
capacity.2 Correspondingly, Zhang and Tokura3 compared 8 h
of exposure to either 5000 lux (lx) or 50 lx followed by 4 h of
dim light (50 lx) and 10 h of dark exposure (sleep) upon
handgrip endurance exercise. They found that the bright light
exposure significantly increased the number of contractions by
more than 20%.3 Supplementing with melatonin to mimic
hormonal responses to dark exposure, on the other hand, hasProduction and hosting by Elsevier B.V. All rights reserved.
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In 2001, Lagarde et al.4 administered 5 mg of melatonin after
eastbound air travel across seven time zones, and found no
change (pre- to post-flight) in handgrip strength, squat jump,
or multiple jump tests. In addition, Atkinson and colleagues5
found that a melatonin dose of 5 mg had no effect upon grip
strength. Similarly, Mero et al.6 found no significant differ-
ences, following either 6 mg of melatonin or placebo inges-
tion, in the total volume of the weight lifted in high volume
(25 sets of 70%e85% of 1 RM) lifting session consisting of
bench press, lateral pull down, knee flexion, knee extension,
and squat. In addition there were no significant differences in
maximal squat, bench, or vertical jump measurements.6
Similar inconsistencies have been found when the exercise
mode has been cycling. One of the first studies to look at the
effect of light exposure on cycling measured changes in body
temperature, body mass, and salivary lactic acid.7 The subjects
were under either dim (50 lx) or bright light (5000 lx) in-
tensities for 6 h. They then exercised 60 min on a cycle
ergometer at 60% maximal oxygen uptake in a light intensity of
500 lx. The main findings were significantly smaller increases
in both core temperature and salivary lactic acid after exposure
to 5000 lx. In 2000, O’Brien and O’Connor8 examined three
light intensities upon average power output during an all-out
20-min bout of cycling. They found no statistically significant
differences in total power output between 1411 lx, 2788 lx, and
6434 lx. Similar findings were seen by two groups in 2001.
Tetsuo and Takeomi9 examined the effect 90 min in either
5000 lx or 50 lx had on supramaximal cycle performance and
energy supply. After the 45 s supramaximal exercise, they
observed that the different light exposures had no effect on
power output, blood lactate concentration, or blood ammonia
concentration. Blood glucose (BG) concentration immediately
after supramaximal exercise, however, was significantly lower
after bright light exposure. Ohkuwa et al.10 also examined the
effect 90 min in either 5000 lx or 50 lx had on supramaximal
cycle performance and energy supply. Additionally, they
measured catecholamine responses. Similar to the Tetsuo and
Takeomi9 findings, the different light exposures did not affect
power output, lactate, ammonia, or plasma norepinephrine
levels. On the other hand, BG concentration immediately after
exercise and plasma epinephrine during the resting period were
significantly lower after bright light exposure. Contrasting re-
sults were found by Kantermann et al.11 They investigated the
effects that 160 min of either 4420 lx or 230 lx had upon 40-
min cycling at anaerobic threshold. They found total work
was significantly higher in bright light as well as heart rate (HR)
and blood lactate. Like the majority of the light intensity
studies, melatonin supplementation does not appear to have a
significant influence on cycling performance. In 2001, Atkinson
et al.12 fed 5 mg of melatonin or placebo before sleep. The
following morning, the time to complete a 4-km time trial on a
cycle ergometer was measured, and the mean differences be-
tween treatments was less than 1%. In another study, Atkinson
and colleagues5 again measured 4-km cycling time after 5 mg
melatonin or placebo supplementation. Cycling time trials were
done at both 75 min and 375 min post supplementation. Theresearchers again found melatonin had no effect on cycling
performance.
The above research studies differ with respect to working
musculature, activity modality, and light intensity exposure
times. Therefore, it is not surprising that some results are
conflicting. Overall it would appear that high intensity work is
not affected by differing light exposures when the work is
performed under the same light conditions. In addition, it
appears that the impact of dark exposure on high intensity
work is similar regardless of whether the work is done with
either the arms or legs. On the other hand, it would appear that
long-term dim light exposure prior to doing low intensity
endurance arm work will result in a reduced work output. The
influence of either long- or short-term dim light exposure prior
to doing low intensity endurance work with the legs, however,
has never been investigated. Therefore, the purpose of this
study was to investigate low intensity leg muscular endurance
following 1 h of exposure to dim light.
2. Methods2.1. ParticipantsParticipants consisted of 11 male (age ¼ 24  2 years,
height ¼ 182  9 cm, body mass ¼ 87  16 kg) and five
female (age ¼ 20  1 years, height ¼ 169  4 cm, body
mass ¼ 65  7 kg) college students. Informed written and
verbal consent was obtained from each participant prior to
taking part in the experiment, and the appropriate institutional
human participants review committee approved the study. The
participants were not allowed to see the results until the study
was completed.2.2. Study overviewParticipants visited the laboratory under three different
conditions on 3 different days in a balanced randomized order.
The three conditions varied with respect to laboratory light
intensity and melatonin supplementation. The dark condition
(DL) was 1 h of quiet sitting in the dark (<50 lx), the normal
light condition (RL) was 1 h of quiet sitting under normal room
light, and the third condition (RLM) was 1 h of quiet sitting in
normal room light following the ingestion of 5 mg of mela-
tonin. Since work performance could be confounded by
changes induced by either sudden waking or continual striving
to stay awake, a 1-h exposure time was chosen after preliminary
tests showed that after 1 h in the dark it became exceedingly
harder for a person to stay awake. Additionally, Mero et al.6
showed melatonin levels to peak around 60 min post inges-
tion; therefore melatonin was administered immediately before
the 1-h exposure to ensure that melatonin levels were high
during the endurance test. A minimum of 48 h separated each
condition. Each person was asked to maintain the same daily
sleeping, dietary, and exercise routines for the duration of the
study. Finally, all participants were asked to eat the same meal
at the same time of day, and the meal needed to be within 1e2 h
before their visit to the laboratory.
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and mean arterial pressure (MAP) were measured using an
automated device (Omron BP710; Omron Healthcare, Inc.,
Bannockburn, IL, USA). In addition, BG was determined from
a finger prick drop of blood using a portable glucometer
(Accu-Chek Compact; Roche Diagnostics, Indianapolis, IN,
USA). Immediately after the hour of quiet sitting and the HR,
MAP, and BG measurements, the participants performed knee
extension lifts to exhaustion with a load approximating 40% of
their body weight. All lifts were done in normal lighting
conditions.2.3. Light exposure protocolAll light exposure conditions took place in a room 12.8 m by
5.5 m. The room was lit by 15 fluorescent light fixtures each
containing four 1.2 m bulbs that produced approximately 2600
lumens per bulb. The light fixtures were in two rows that
divided the ceiling into thirds. The uneven number of fixtures
was due to a lack of a fixture above the doorway which was
situated in one corner of the room. During DL, the participants
sat on floor mats placed approximately 10 m from the doorway.
The door was closed and the lights turned off, such that the only
illumination in the room came from a 1-cm crack that ran under
the door (0.91 m width). The participants sat quietly, and were
kept awake by having them engaged in continual conversation
with either other participants or a member of the research team.
For RL and RLM, the subjects sat in the same area of the room
with all of the lights lit. Like DL, during RL and RLM the
participants were required to stay awake, and they were allowed
to converse, read, or do schoolwork.2.4. Muscle strength endurance test protocolTable 1
The effect of light treatments on muscle strength endurance (mean  SD).
Light treatment Number of lifts
Dark 50.5  15.3
Room light 61.1  22.7*
Room light þ melatonin 54.6  20.7
*p < 0.05, compared with the other two groups.
Table 2
The effect of light treatments on heart rate (HR) (mean  SD).
Light treatment HR (bpm)The knee extension muscle endurance test for the differing
exposures was performed in a seated position using a LifeFit-
ness (Brunswick Corp., Lake Forest, IL, USA) knee-extension
machine. Prior to the test, the full knee-extension range of
motion was determined. The subjects would first move the
device unweighted until they could no longer extend their
knees. Lines marking this position were then placed on both the
stationary and moving parts of the machine, and subsequent
lifts were not counted unless these marks were in alignment. To
ensure that all lifts were performed at the same rate, a metro-
nome set at 90 beats per minute was placed near the individual’s
head. Each person was instructed to either raise or lower the
weight with each beat (flexion and extension completed in
approximately 2 s). All individuals had an initial practice with
the metronome separate from the test to ensure the lifts could be
made in synchrony with the metronome. For all tests, the
resistance was set to the nearest (but not exceeding) 11.1 N
(2.5 lb.) of 40% of the person’s body weight.Pre Post
Dark 64.8  7.1 61.5  11.4*2.5. Data analysis
Room light 67.4  11.8 61.4  11.9*
Room light þ melatonin 64.6  9.9 62.6  10.8*
*p < 0.05, compared with corresponding pre values.A one-way ANOVA with repeated measures was used to
compare the number of lifts for each condition. An additionalone-way ANOVA with repeated measures was used to
determine whether or not there was a difference between the
three different days (i.e., the results were collapsed across
days). Additionally, HR, MAP, and BG were analyzed using a
2-way (treatment vs. pre-post) ANOVA with repeated mea-
sures. Post-hoc ANOVA analysis involved, where appro-
priate, the use of Tukey’s protected t test. Statistical
significance was accepted at an a level of p < 0.05 using
SigmaStat version 2.0 (Jandel Scientific, San Rafael, Canada)
statistical software.3. Results3.1. Order (or day) effectsThere were no significant differences found between the
Day 1, Day 2, and Day 3 for leg muscle strength endurance.3.2. Muscle strength enduranceThe average number of lifts for each experimental condi-
tion is presented in Table 1. The main effect for treatments (F
(2, 30) ¼ 6.65, p ¼ 0.004, h2 ¼ 0.89) was significant. The
post-hoc analysis revealed that RL averaged a significant 14%
greater number of lifts than DL, and 4% greater number of
lifts than RLM. RLM was not significantly different from DL.3.3. HRFor HR (Table 2), the main effects for treatment and the
treatment  time interaction were not significant. The main
effect for time (F (1, 15) ¼ 6.19, p < 0.025) was significant.
The post-hoc analysis revealed that HR was lower at the end of
each 1 h session.
Table 3
The effect of light treatments on mean arterial pressure (MAP) (mean  SD).
Light treatment MAP (mmHg)
Pre Post
Dark 91.9  9.2 89.2  9.3*
Room light 90.5  8.9 89.3  7.9*
Room light þ melatonin 88.6  6.8# 84.7  8.1*,#
*p < 0.05, compared with corresponding pre values.
#p < 0.05, compared with corresponding values in the other groups.
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(F (2, 30) ¼ 6.13, p < 0.006) and the main effect for time
(F (1, 15) ¼ 7.89, p < 0.013) were significant. The post-hoc
analysis revealed that MAP for RLM was less than DL or RL,
and MAP was lower at the end of each 1 h session. The
treatment  time interaction was not significant.3.5. BGFor BG (Table 4), the main effect for treatment
(F (2, 30) ¼ 5.38, p < 0.01) and the main effect for time
(F (1, 15) ¼ 7.61, p < 0.015) were significant. The post-hoc
analysis revealed that BG for RLM was greater than DL or
RL, and BG was lower at the end of each 1 h session. The
treatment  time interaction was not significant.
4. Discussion4.1. Light exposure and strength enduranceExposure to 1 h of dark immediately prior to performing
the maximum number of leg extensions at 40% of body mass
can result in a reduction in thigh muscle endurance. The
decline in performance after short-term dark exposure was
similar to that reported previously for handgrip endurance
following longer-term exposure. Thus, it appears that exposure
to differing light intensities can influence muscle endurance.
However, at this time the reduction in endurance cannot be
directly related to melatonin concentration, HR, or BG level at
the start of the exercise.4.2. The possible role of body temperatureIn other research investigating the effects of differing light
intensities upon exercise performance, various reasons behindTable 4
The effect of light treatments on blood glucose (BG) (mean  SD).
Light treatment BG (mg/dL)
Pre Post
Dark 97.6  14.4 87.4  12.5*
Room light 95.0  13.6 87.3  15.0*
Room light þ melatonin 100.9  15.0# 99.4  14.3*,#
*p < 0.05, compared with corresponding pre values.
#p < 0.05, compared with corresponding values in the other groups.the possible relationship between work and light intensity have
been postulated. Unfortunately, the data have not strictly sup-
ported one hypothesis over another. For instance, Zhang and
Tokura3 suggested the lower work output is due to dim light
inducing a greater body temperature. This view is supported by
the findings of a higher body temperature with dim light
exposure being reported by both Aizawa and Tokura13 (5000 lx
vs. 60 lx) and Zhang and Tokura7 (5000 lx vs. 50 lx). On the
other hand, opposite body temperature responses (i.e., lower
body temperatures following dim light exposure) have been
reported by French et al.14 for 3000 lx vs. 100 lx and Atkinson
et al.15 for 10,000 vs. <50 lx. Furthermore, Park and Tokura16
found no difference in body temperature between 5000 lx and
200 lx, and, similarly, Kim and Jeong17 found no difference in
body temperature between 700 lx and 70 lx. Moreover, mela-
tonin levels increase in dark and will usually lower body tem-
perature,18 and supplemental melatonin ingestion can lower
body temperature during exercise.19 Thus it would appear that
body temperature responses to differing light intensities can
vary greatly, and with such an inconsistent response it is not
easy to assign changes in body temperature as the cause for the
differences in muscle endurance.4.3. The possible role of mental alertnessThe negative effect that melatonin (either endogenous or
exogenous) has upon mental alertness and function might also
explain the decrease in work performance. Dollins et al.20
found that melatonin (1, 20, 40, or 80 mg) significantly
decreased the number of correct responses in auditory vigi-
lance, response latency in reaction time, and self-reported
vigor. This group also found that melatonin increased self-
reported fatigue, confusion, and sleepiness. Using a similar
testing protocol, Atkinson et al.5 found that 5 mg melatonin
reduced alertness and short-term memory. In addition, eight-
choice reaction time was slower at different times of day
after ingesting melatonin, but exogenous melatonin did not
influence perceived exertion. On the other hand, Atkinson and
associates19 found that 2.5 mg melatonin had no effect upon
mental alertness of perceived exertion before or after exercise.
The above responses to melatonin would suggest that mela-
tonin could dull the drive need to perform continual lifts, and
some researchers have found confirming relationships when
comparing dark and bright light exposure. For instance,
French et al.14 found individuals exposed to 3000 lx had
higher mental capacities than when they were exposed to
100 lx. On the other hand, Saulov and Lufi21 found no dif-
ference in perceived effort, energy, tiredness, pleasure, and
satisfaction after exercising in either normal light or dim light.
Unfortunately, these researchers did not quantify the light in-
tensity levels of their two conditions.21 Finally, Ohkuwa
et al.10 measured plasma epinephrine after either 5000 lx or
50 lx exposure for 90 min and found that epinephrine was
significantly lower after bright light exposure than after dim
light exposure. It is difficult to ascribe the lower work output
seen in this study to a reduced neural drive when dim light
shows higher epinephrine levels.
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following bright light exposure relates to changes in blood
flow. Aizawa and Tokura13 found that blood flow increased
faster with increasing temperature during almost 11.5 h of
exposure in 4000 lx vs. 100 lx. Kim and Jeong17 also found
that forearm skin blood flow tended to remain steady in 700 lx,
but decreased markedly in 70 lx. Melatonin supplementation,
however, shows differing responses to what would be expected
from dark induced endogenous melatonin production. Atkin-
son et al.19 found that during exercise, 2.5 mg melatonin
magnified the increase in skin blood flow. Cook et al.22 found
that 3 mg melatonin supplementation had differing influences
across various vascular beds. Melatonin significantly
decreased renal blood flow velocity, significantly increased
forearm blood flow, and did not alter cerebral blood flow ve-
locity.22 Since local muscle fatigue can be influenced by either
reduced blood flow providing less needed metabolic substrates
and oxygen, or by reduced flow allowing for greater buildup of
metabolic wastes, a scenario where dim light or dark exposure
led to reduced blood flow would be an easy and logical
explanation for reduced performance. Unfortunately, current
data are insufficient to strongly support such a supposition.
5. Conclusion
In summary, this study reaffirms the findings that light in-
tensity can have a deleterious effect upon muscle endurance.
The mechanisms behind this negative influence cannot be
clearly ascertained, and it is possible that multiple mecha-
nisms may be involved. The lack of a clear mechanism is not
surprising given that previous studies lack consistency in light
intensity, exposure time and melatonin supplementation. The
only thing that is clear is that successful athletic or work
performance is dependent upon factors besides training state,
fuel availability, and climatic conditions. Since muscle
endurance is important in various situations such as athletic
competition, shift work production, and military operations, it
is recommended that practitioners carefully consider such
simple things as the location and light conditions of the places
where performers wait or ready themselves pre-performance.
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